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ABSTRACT

The remote site incubator {RSI), a new tool for increasing egg-to-fry
survival, appeared to have potential for application in very remote locations.
Our objective was to identify a low maintenance system that would increase
egg-to-fry survival rates compared to variable and often poor natural spawning
rates. Developed by Washington Department of Fisheries {WDF) during 1985-86,
single, 55-gal barrel RSIs had been used to successfully incubate over 100,000
eyed, treated salmon eggs with occasional operator maintenance. We tested
RSIs for incubation success using green, untreated fall chinock egge with
minimal operator maintenance. The proposed test would represgent conditions
and requirements for use of RSI in a very remote location where a depressed
wild chinook salmon Oncorhynchus tswaytscha run returns to spawn and increased
egg-to-fry survival is desired.

The test was performed at four locations, two using spring flow and two using
small creek flow, on the west shore of Hood Canal, Washington. The test was
also designed to compare effects of varying egq densities in egg trays and
relative vertical order of trays with varying egg densities. A total of eight
RSIe contained either 10,000 or 18,000 eggs, with tray egg density varying
from 1,000 to 5,000 eggs. To mimulate the restrictions of use at a completely
remote location, green, untreated fall chinook eggs obtained from the Hood
Canal Hatchery were used for the test. Operator visits were restricted to
initial locading of RSI, a return to count but not remove dead egge, and a
return to count dead and dying fry after fry emigration.

All eight RSIs functioned normally during the test. Total egg and fry loss
varied from 3.4% to 8.7%. Mean percent survival among four RSI using spring
flow was 95.2, and among four RSI using creek flow was 96.4. We concluded
that RSI, given a dependable, clean water source could meet our objective of
increasing egg-to-fry survival with little or no maintenance in very remote
locations,




INTRODUCTION

One of the principal mandates of the Western Washington Fishery Resource
Office (WWFRO), U. S. Fish and Wildlife Service, Olympia, Washington, is
restoration of depressed wild rune of salmon and steelhead in western
Washington. Some depressed wild rune return to upper watershed areas that are
not accessible by road or boat. We previously participated in a study of a
depressed spring chinook run in a remote area of Olympic National Park, to
determine how to capture adults just prior to spawning and to remove gametes
to a hatchery where succeseful incubation could occur (Wampler 1991). While
the study was a partial succees, incubation in the hatchery failed. The long
distances probably resulted in poor handling of eggs and gametes; we sought a
method with a better hatching rate.

A new tool and procedure appeared to have potential for increasing wild egg-
to-fry survival at their stream of origin. The remote site incubator (RSI)
was developed by Mr. Jerry Manuel, an employee of Washington Department of
Fisheries (WDF), during 1585-86 (J. Manuel et al. 1991). Fish survival in
RSIs, from incubation to fry emigration, was high. It was routine for RSIs
containing over 100,000 eyed, fungicide-treated eggs to support survival to
the fry stage in excess of 90%.

Physical site requirements for operating a successful RSI are adequate flow of
clean water, sufficient hydraulic head to provide upwelled flow through the
RSI, and location above the stream’s floodway. A continuous flow of at least
10 gallons per minute through a S5-gal barrel incubator is regquired (J. Manuel
et al. 1991). The water source must be of high quality. Typically, a spring
flow is used, but flow in clear-running, small streams is also satisfactory.
In marginal or intermittent quality streams, a water clarifier is added to the
inflow line to remove sediment. Hydraulic head must be 40 tc 48 in. Location
of the RSI and associated plumbing must be above any effect from stream
flooding throughout the incubation and fry development period.

Following installation, RSI were normally loaded with egge equally divided
into a series of stacked, round screens, positioned over a gravel/artificial
subetrate (Figure 1). After eggs hatch, alevins drop to temporarily reside in
the substrate, button up, and then ascend to exit the RSI via the outlet near
the barrel top. At least two additional operator visits to RSI were required,
the first to remove screens and dead eggs after the hatch, and the second to
either shut down or dismantie the RSI.

Prior to this study, RSI had not been used with green, untreated eggs, and
only on few occasions had chinook eggs been used. Based on WDF results using
RSIs, we concluded that RSIs might advance ocur objective if survival was high
when RSIs were loaded with green, untreated eggs.

An initial, unscheduled test during spring, 1991, was quickly arranged at the
Quinault National Fish Hatchery, near Neilton, Washington. In that test we
used green, untreated winter steelhead 0. mykiss eggs loaded into modified
screen traye and supplied with surface water flow diverted from a hatchery
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water source. A half-inch grid had been attached to the screen tray so that
aggs would be somewhat separated to prevent fungus spread. We observed about
50% hatching success and concluded that further testing of RSI using chincok
eggs in modified screens, was needed.

We then designed a study beginning in the fall, 1991 to teet for survival
among green, untreated fall chinook eggse loaded in plastic screen trays,
redesigned to minimize fungus spread. The study would also compare survival
from two egg-loading strategies, and two types of water source, spring flow
and small creek flow.

METHODS

We selected four RSI sitee, previously established by WDF adjacent to Hood
Canal, for our study locations (Figure 2). The egites near John Creek and
Lilliwaup Creek used apring flow while the sites on Fulton and Eagle Creeks
used diverted creek flow. Two 55-gal RSIs were used at each site. From sand
bag impoundments, six-inch diameter PVC pipe with screened intake conveyed
flow down varying distancee to side-by-side RSIs. Immediately up-flow and a
few inches from each barrel, a standpipe was positioned for use in controlling
water level in the barrel. Inside each barrel, two-inch PVC pipe conveyed
flow into a water diffuper assembly, from which flow upwelled firet through a
layer of pea gravel, then a layer of bio saddles (two-inch irregularly shaped
polypropylene pieces), then a series of egg trays also containing bio saddles
{eingle layer), and finally exiting from a PVC outlet pipe located near the
barrel top (Figure 1). Egg trays were constructed with 1/4-inch mesh vexar
screen set in polypropylene hoops. A lid on each RSI protected eggs from
light, predators and introduction of foreign matter.

Green fall chinook eggs and milt were transferred from the WDF Hood Canal
Hatchery, Hoodsport, WA, in separated, chilled, air-filled bages to Lilliwaup
Creek, Eagle Creek, Fulton Creek, and John Creek on September 30, October 2,
3, and 8, 1991, respectively.

We identified one RSI at each site as barrel 1 and the other RSI as barrel 2.
In barrel 1 at each site, egg loading density was increased from top tray to
bottom while egg density was decreased from top tray to bottom in barrel 2
{(Table 1). Empty spacers were placed between trays in RSI at Lilliwaup Creek
{spring flow) and at Fulton Creek (creek flow). We added spacers to these RSI
to see if additional vertical distance between trays would reduce egg loss.

Maximum egg loading in any tray was 5000 eggs and minimum egg loading was 1000
eggs (Table 1). The method for counting eggs was determined earlier by actual
egg count in a standard cup used for egg transfer. Our intent in increasing
egg loading from top to bottom or bottom to top was to see if increased eqg
density down-flow, i.e., higher in the upwelling water flow, reduced total egg
losa.




Following arrival at each site, eggs were fertilized and carefully spread into
trays according to the assigned loading density. Immediately afterward, we
adjusted flow through each RSI to the proper rate and assured that the system
was functioning correctly.

On December 20, 1991, we briefly opened each RSI and counted, but did not
remove, dead eggs in each egg tray. On February 29, 1992, we again briefly
opened each RSI and counted dead or dying fry remaining in trays, well after
fry had descended into the bio saddles.

RESULTS

On December 20, our count of dead egge in RSI varjed from 326 to 819 (Table
1). The highest and lowest egg loss per tray in any RSI was 11.5% in barrel 1
at Lilliwaup Creek and 0.6% in barrel 2 at John Creek (Table 1). Mean percent
egg loss per tray in RSIs varied from 1.9 in barrel 2 at John Creek to 8.2 in
barrel 1 at Lilliwaup Creek.

The use of spacers in RSI appeared to have no positive effect on percent egg
survival. 1In fact, mean percent loss among trays in RSIs without spacers, at
John and Eagle Creeks, were all lower than respective means in RSIs with
spacers (Table 1).

Comparison of egg loss in RSIs containing upwardly increased egg loading
denaity with egg loss in RSIs containing downwardly increased egg loading
deneity showed no clear trend. We had hypothesized that loading bottom trays
with the maximum number of eggs would minimize egg loss due to upward spread
of fungus from infection in lower traye. This theory was not clearly
demonstrated in any RSI.

We determined that all healthy fry should have migrated from RSI by February
29, based on past observations in RSIs and water temperature at the study
sites. On that day, our count of dead and dying fry in RSIs varied from 10 to
86 (Table 2). We carefully searched through the bottom substrate as well as
the egg tray substrate to locate all remaining live and dead fry. We did not
associate location of dead or dying fry with particular trays because of fry
mobility. Live fry were either deformed or in a weakened state due to
abnormal development. It was apparent that we were not missing any dead fry
due to total decay because remains of many dead eggs were still recognizable
in all RSIs.

The suma of total egg loss and total dead or dying fry counted in RSIs
indicate the total lose (Table 3). From those values, we determined the
percent loss in each RSI, and the corresponding percent survival in each RSI.
Percent survival of fry that emigrated from R5Is, compared to the original
number of eggs loaded into each RSI, ranged from 91.3% to 97.7%. The mean
survival among RS$Is using spring flow wae 95.2% while that among RSIs using
creek flow was 96.4%. The overall mean survival among all RSIs was 95.8%.




DISCUSSION AND CONCLUSIONS

This study was not analyzed statistically because RSI replicates were too few
to satiefy statistical criteria (Snedecor and Cochran 1967). However, our
baeic objective of determining the relative survival from green, untreated
fall chincok eggs tc emigrating fry in RSIe was met. Only one RSI had
survival less than 95%. This very clearly demonstrates the potential for RSI
in remote lcocations using green eggas and an absolute minimum of operator
vigits. We are confident that future use of the RSI design used in this study
would have acceptable resultes, assuming that high guality water sources are
used.

Higher rates of egg loading would be desired in extremely remote sites. Baeed
on our results, we recommend loading at least 5000 egge intc each tray in an
RSI. It is likely that some number of additional trays could be accommodated
as well, but this should be tested first. Better documentation of the fate of
fry emigrating from RSI and their rate of contribution to runs or fisheries is
also needed.

Information on details of RSI construction and advice on selecting suitable
water sources are available from WDF.

As a word of caution regarding use of RSIs in streams where wild runs exist,
recent work documents the importance of avoiding potential negative impacts
that arise from inappropriate supplementation programs (Miller et al. 1990).
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Figure 1. Components of the remote site incubator.
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Figure 2. R8I locations at Fulton, John, Eagle, and Liliwaup Cresks
on Hood Canal, Washington.
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Table 2. Dead and dying fry found in RSI following emigration.

Dead and dying fry Barrel 1 Barrel 2
Lilliwaup Creek

In trays 43 18

In bottom substrage _4 19

Total loas 47 37
Fulton Creek

In trays 2 13

In bottom substrate _8 1

Total loss 10 20
John Creek

In trays 28 24

In bottom substrate 14 45

Total loss 42 69
Eagle Creek

In trays 21 24

In bottom substrate B85 34

Total losas 86 58
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